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An investigation was carried out under practical conditions to determine factors 
for the transfer of 90 Sr and 137 Cs from soil to food products, by making use of 
the cumulative deposit of these radionuclides resulting from fallout in the soil. 
Analyses were made of both crops and soils on which they had been cultivated. 
Special attention was paid to the variation of the soil factors concerned as a 
function of the properties of the soil, i.e. in the case of 90 Sr of the contents of the soil 
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increase in calcareous soils with the CaC0 3 content, in particular above contents 
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pronounced drop in summer, whereas in autumn the tendency was rather to increase 
again. It is assumed that the effect depends mainly on fluctuations of the degree of 
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I . INTRODUCTION 
The problem of the radioact ive contamination of the food chain which 
at f i r s t owed i ts i n t e re s t to the contamination of the environment 
by the nuc lear t e s t s e r i e s (1954-1964) s t i l l r ema ins topical in view 
of the necess i ty to es tabl i sh secur i ty levels for the contamination 
by the gazeous and liquid effluents of nuclear ins ta l la t ions , the 
number of which is constant ly inc reas ing . 
Among the vec to r s of contamination the soil plays an impor tant ro le , 
if radionucl ides of long hal f - l ives such as 90 Sr and 137 Cs a r e 
concerned« 
The g rea t e r pa r t of the information available on factors of t r ans fe r 
concerns specific geographic a r e a s and mostly does not take into account 
differences in ecological conditionsβ There a r e , o therwise , the r e su l t s 
of l abora to ry t r i a l s se t up in par t i cu la r to study the factors of t r ans fe r 
in dependence of the soil c h a r a c t e r i s t i c s , but which a r e difficult! to 
be applied as such in p r a c t i c e . 
To study the radioact ive contamination of the food chain by way of 
the soil under the condition^ of the E u r o p e a n Economic Community 
while taking into account the differences in ecological con ditions an 
invest igat ion has been c a r r i e d out, in which the cumulative deposit in 
the soil resul t ing from the radioact ive fallout in the ye a r s following 
I954 has been used as source of radioact ive contaminat ion. 
To this end a p r o g r a m m of sampling and of analyses has been set up 
in the yea r s 1966 and 1967 in 4 out off 6 countr ies of the Eusrojjaaji 
Economic Community, compris ing crops of impor tance for human and 
animal nutr i t ion and the soils having served for their production. 
a) . Pr inc ip le of the investigation : 
Adopting in pr inciple the formula : 
C = P , F , + p F (1) 
d d r r 
in which C r e p r e s e n t s the concentrat ion of radionuclide in the 
product . 
— 6 
F , and F a r e the cumulative radioact ive deposi t in the d r 
soil per unit of a r e a and the recen t deposi t per unit of 
a r e a ei ther per yea r or per month (determining the d i r ec t 
contamination) , r e s p . ; 
p , and ρ a r e the soil and r a t e factors , r e s p . d r 
The t e r m P , F r e p r e s e n t s that pa r t of the contamina t ion deriving 
from the soil and which in y e a r s of minor fallout would approach the 
total contamination C ( BRUCE * ' ) . Since in the y e a r s I966 and 
I967 fallout was not completely négl igeable , C, as de te rmined in the 
products of the sampling p rog ram, s t i l l needed to be c o r r e c t e d for 
d i r ec t contaminat ion by a t e r m ρ F = c ' . 
r r 
The soil factor thus takes the shape C - c ' . 
F , 
b). Inst i tutes having cooperated in the invest igat ion : 
Table 1 contains an enumera t ion of the ins t i tu tes having coopera ted 
e i ther in the sampling or in the analyt ical p r o g r a m or in both. 
c ) . Sampl ing s i tes : 
The map (Figure 1) r e p r e s e n t s the geographical r epar t i t ion of the 
sampling s i tes corresponding to the following stat ions : 
In Italy (1966, 1967 ) : 
1. UDINE , clayey or loamy so i l s , in pa r t c a l ca r eous . 
2 . SANT'ANGELO LODIGEANO (Po-plain) , acid sandy soi ls 
somewhat loamy. 
3. SANTA MARIA Dl GALERIA (near ROME) : heavy clay 
so i l s , neu t ra l or slightly acid. 
4 . CALTAGIRONE in SICILY : soi ls r i ch in C a C 0 3 and clay 
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5. ISPRA : mainly acid sandy soils , somewhat loamy. 
In Germany - Fede ra l Republic (1967) : 
6. HAMELN - region of the Lüneburgerheide - acid humic 
sandy soils 
7. HUETSCHENHAUSEN (P i rmasens ) : acid loamy soils 
8. OBERSUELZEN (Alzey) : loamy clay soils , ca lcareous 
9. NONNENHOF (Worms) : different soils types : sandy, 
loamy and r ich in organic m a t t e r , and loamy clay, al l 
soils being ca lca reous 
1 0 . ERDING (Bavaria) : peaty soils 
11. SPEYER (on Rhine) : acid sandy soils 
In F r a n c e (1967) : 
12. BENESSE MAREMME (Landes ) : sandy region 
13. BARBENTANE (Provence) : loamy ca lca reous soils 
In Belgium (1967) : 
14. MOL (Kempen) : region of acid humic sandy so i l s . 
P rac t i ca l ly al l f a rms involved were of the mixed type, combining 
the production of f a rm crops with stock breeding. In Italy, however , 
cat t le is mos t ly being kept in the stable throughout the year and the 
fodderconsis ts of products emanating from leys and a rab le so i l s . In 
the other countr ies of the European Economic Community, the cat t le 
is genera l ly grazing in s u m m e r , the pas tu res being predominantly 
of the permanent type. In as far as hor t icu l tu ra l c rops have been 
included they have been produced at fa rms combining agricultor e with 
theproduction of m a r k e t gardening c r o p s . 
d). Sampling p r o g r a m m : 
The crops selected for sampling were : 
c e r e a l s : wheat, m a i z e , rye (whole gra ins) 
vege tab les : heading le t tuce and cabbage (with remova l of outer leaves) 
potatoes (cleanage by washing) 
tomatoes (whole fruits) 
fruits : apples (whole fruits) 
fodder c r o p s : g r a s s from permanen t and t e m p o r a r y g rass l and lucerne 
(alfalfa) 
green maize 
other p roduc t s : hay and concen t ra t e s . 
ra in : in as far as local information on fallout was mi s s ing . 
milk : has been included , in cor respondance to the sampling 
p r o g r a m of fodder c r o p s , c rops and supplements . 
Four cases r egard ing the way of feeding can be dis t inguished: 
1. By g r a s s , the animals being for the g rea t e r pa r t in the 
p a s t u r e s , 
2. By lucerne in the s table , 
3. By a mix ture of lucerne and g r a s s in the s table , 
4 . By ra t ions consist ing of green fodders supplemented by 
hay and /o r concen t ra tes . 
In al l these ca se s the d i rec t es t imat ion of factors of t r ans fe r soil>: 
mi lk has been a imed a t . 
e) . Analyses : 
The p r o g r a m m e provided for the rad iochemica l de terminat ion in all 
samples of ^ S r and 1 3 ^ C s , and for a number of chemica l ana lyses , 
9 — 
n e c e s s a r y ei ther to es t imate the factors of t r ans fe r , or to allow a 
be t te r judgment of the r e su l t s : 
In vegetable produce and milk : K and Ca j 
In soils : exchangeable K and Ca , organic m a t t e r , pH , 
CaCO , 
exchange capaci ty and mechanical ana lys i s . 
F o r the radionucl ides in the soil a total de terminat ion was aimed at , 
for the chemica l analyses conventional methods were used, allowing 
to obtain comparable and reproducible r e s u l t s , suitable to define the 
factors of t r ans fe r . 
A number of ver if icat ions were made to make su re that all data 
r egard ing the soils were sufficiently consis tent -
f). Fal lout in the yea r s 1966 and 1967 
Basing ottselves on ail .information available the deposit in the ye a r s 1966 
and 1967 for the stat ions involved was as follows : 
^- 90^ Λ 2 „ 137,, Λ 2 
mCi S r / k m mCi C s / k m 
1 9 6 6 : range 1 , 8 - 4 , 6 2 , 6 - 6 , 5 
es t imated average 
for the C . E . E . 2 ,7 3,5 
1 9 6 7 : range 0 , 8 - 3 , 3 1 , 0 - 4 , 5 
es t imated average 
for the C . E . E . 1,3 1,8 
g). Cumulative deposit 
Table 2 s ta tes levels of contamination of the soil in 1966 and 1967, 
according to r e su l t s of the p resen t investigation, averaged per s tat ion. 
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II. RESULTS CONCERNING STRONTIUM - 90 
a) . Cor rec t ions for d i rec t contamination 
Though the yea r s 1966 and 1967 were marked by low and dec reas ing 
values of fallout, for a number of c rops allowance had to be made 
for the contribution to the contamination by d i rec t t r ans fe r from the 
envi ronment . When express ing the activi ty per g Ca the var ia t ion 
of Ca-content of the crops may give r i s e to impor tan t differences 
in ra t io between ρ and p . ( " r a t e" and "soi l fac tor" ) . The cor rec t ion 
r d 
for d i r ec t contamination may be prac t ica l ly négligeable in the case of 
a c rop like lucerne ( with up to 2 per cent of Ca on dry ma t t e r ) whe reas 
it can be quite apprec iable in the ca se of c e r e a l s (average Ca 
content = 0,045 per cent ). 
The following t r ea tmen t has been adopted : 
Wheat : Cor rec t ions have been made by applying a r a t e factor of 
240 (corresponding to a deposi t per month), but by comparing 
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the r e su l t s of ca lcula t ions , e i ther based on the deposit 
in the month of June , o r o n the average deposit in the two 
months before h a r v e s t , 
rye : co r rec t ions were made taking into account the deposit 
in the month of May , 
ma ize and oats : co r rec t ions were not deemed n e c e s s a r y in r ega rd 
to the l e s s exposed position of the g ra ins , 
potatoes and root c rops : no cor rec t ions were deemed n e c e s s a r y , 
heading let tuce and cabbage : the outer leaves having been el iminated 
at sampling, the contamination has b e e n considered to 
der ive predominant ly from the soi l , 
herbage : we applied a r a t e factor of 410 pCi for a deposit of 1 m C i / k m 
per month , this in combination with the deposit in the month 
preceding h a r v e s t . 
In the case of g r a s s and lucerne seve ra l s e r i e s of samples were 
available , each s e r i e s originating from one and the same field and 
cut in success ive per iods of the season. An at tempt has been made to use 
the per t inent observat ions for a d i rec t es t imate of ρ , the var ia t ion 
of F being known and assuming that F was constant throughout the 
season . It a p p e a r s , however , that the fluctuations of C - the total 
act ivi ty - cannot be explained from var ia t ions in fallout during the 
growing season and obviausly r e p r e s e n t a seasonal effect ( see 
pa ragraph III d )„ 
b). Expres s ion of r e su l t s 
Two ways of express ion have been used for the r e s u l t s , i. e. the 
Observed ra t io (O.R- ) and the soil factor ρ 
90 
The Observed Ratio _ pCi S r / g C a - agr icu l tu ra l produce 
90 pCi S r / g Ca - subs t ra te 
12 
is cons idered to be of pa r t i cu la r value for physiological investigations 
since the t r ans fe r from environment to vegetable and an imal produce , is 
l a rge ly de te rmined by the ca lc ium content of the subs t ra te or of the 
nut r i t ion . In the p r e sen t case the exchangeable ca lc ium content of the 
soil is concerned; 
90 
The . o i l factor P j = PCi S r / g Ca - ag r i cu l tu ra l produce 
d 90 o fy 2 
mCi Sr / k m 
r e p r e s e n t s a p rac t i ca l value , conceived for the purpose of the 
survey to r e l a t e the contamination of food.staffs to the radioact ive 
deposi t per unit of a r e a . As such i t is an empi r i ca l ave rage , 
applicable to a given geographical unit , but without cons idera t ion 
of the varying p roper t i e s of the soi l . If applied to pedological units 
ρ has the c h a r a c t e r of a va r i ab le coefficient, r e l a t ed in pa r t i cu la r 
to the Ca content of the soi l . 
c) . Resul ta 
Table 3 p re sen t s the values of O .R . , computed for the different 
p roduc t s , s tated forthe C . E . E . as a whole and also as average values 
per country or stat ion (Table 3). (in this and the following tables the in­
dication 0, 0 for act ivi t ies of soi ls or ag r icu l tu ra l products means that 
no cer ta in ty exis ts as to the second dec imal ) . 
It should be r e m a r k e d that the application of different ways of 
co r rec t ion in the case of wheat and of herbage did not r e s u l t in 
impor tan t differences in outcome. 
The available data suggesr a somewhat higher O »R. for rye than for 
other c e r e a l s . It is at any r a t e impor tan t to note tha t rye may be 
heavier contaminated than c e r e a l s like wheat and ba r l ey owing to 
the fact that the fo rmer c rop is mainly cult ivated on r a t h e r acid 
so i l s , for which at equal deposi ts the ' ° S r / C a ra t io is automatical ly 
higher than on soils well provided with Ca. 
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In compar ison with potatoes , c a r r o t s and beet show on average lower 
values of O. R. 
On the whole, when only judging from average values of O.R. for 
different products , there is l i t t le var ia t ion between spec ies . 
"Values most ly osci l la te around O.R. = 0, 5 with as exceptions the 
green vege tab les . It should be reminded that the la t te r have been 
grown in the same conditions as agr icu l tu ra l c rops and that the 
r e su l t s a r e not n e c e s s a r i l y applicable to hor t icu l tura l c rops in marke t 
gardening c e n t r e s . 
Column III of table 3 s ta tes average values for O.R. for c e r e a l s , leafy 
c rops and fruit in genera l , based on l i t e r a tu r e data from pot exper iments 
and l abora to ry investigations with so i l s . Though the general level of the O.R. 
is the same in both cases the re is no close cor respondence between the 
values of columns I and II on the one hand and those of column III on 
the o ther , suggesting that under p rac t ica l conditions st i l l other factors 
a r e at work than those that can be studied under l abora tory condit ions. 
d). Soil factors : re la t ion between ρ and the exchangeable calcium 
content of the soil : position of the ca lcareous so i l s . 
A graphical t r ea tmen t of the available data for all soils concerned 
(acid, neu t ra l , ca lcareous ) by plotting ρ against the exchangeable 
calc ium content of the soi l , mainly shows two different tendencies , 
dependent on the type of soi l . 
In the case of acid and neut ra l soils (including those containing 
smal l amounts of CaCO, ) curves of a r e g r e s s i v e tendency a r e 
obtained , as shown by figures 2 (for g rass ) and 3 (green maize) . 
In fact, if the Observed Ratio for a given species or product can be 
cons idered to be constant, the soil factor should inc rease in inverse 
ra t io to the exchangeable calcium content of the soil . 
90 90 90 
Ρ, π pCi S r / g Ca-product pCi S r / g Ca-prod . pCi S r / g Ca prod. 
90 90 90 
pCi S r / g Ca-so i l pCi S r / l kg soil pCi S r / k g soil 
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in which χ is the exchangeable Ca-content of the soil in g /kg. 
The la t t e r t e r m can be reduced to the same dimensions as the soil 
factor . If the weight of the a rab le layer is taken to be 300. 000. 000kg/km , 
the convers ion factor pd 3 ,3 and taking into account al l units 
R . O " χ 
Pd = - ^ - · R . O . 
χ 
In the case of g rass land we adopt ρ , 8_ .ΐ> Q. 
χ 
When looking for a possible re la t ion between ρ and the CaCO 
content of ca lca reous soi ls (cases of wheat and of the g ra s s ) it 
appears that the tendency for ρ was r a t h e r to i n c r e a s e with the CaCO 
content, which of cour se is against expectat ion (see fig. 4 for g r a s s ) ; 
since the above re la t ion between ρ and R . O . s eems at any r a t e -ίο 
loose its validityan ca lca reous soi ls an explanation should be looked for 
in other c i r c u m s t a n c e s , which will be r e f e r r e d to further in the d i scuss ion . 
90 e) . T rans fe r of Sr from foddercrops to mi lk and from soil to milk 
Table 4 p re sen t s the factors of t r ans fe r from fodder to milk, from 
soil to fodder and from soil to milk, cons idered as a s t ra ight t r ans f e r . 
The t r ans fe r has been expres sed by Observed Rat ios , which showed to 
be l e s s var iab le than factors expres sed in another way. 
The O . R . for the mix ture of lucerne and g r a s s have been es t imated 
on a 50 per c e n t / 50 per cent b a s i s ; the composit ion of the var ia t ion of 
the ra t ions was known in all c a s e s . 
No account was made for possible co r rec t ions for d i rec t contamination 
which on average can be set at 10 per cent . The O .R . milk obviously 
fodder 
is not in need of being c o r r e c t e d . 
Mean e r r o r s have been added, not to; suggest some hypothetical 
accuracy , but as an indication of the var ia t ion of O .R . 
A compar ison of the 4 groups of al imentat ion is s t r ic t ly speaking 
imposs ib le . It is at any r a t e of i n t e r e s t that with the exception of 
the case of l u c e r n e / g r a s s the average O .R . m i l k / s o i l v a r i e s ve ry 
l i t t l e . 
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For purposes of survey it is an impor tant conclusion that the 
O . R . m i l k / s o i l is on the whole somewhat l e s s var iab le than the 
O .R . mi lk / fodder , permit t ing to define the contamination of the 
milk s t ra ight ly as a function of F . As an average value of O . R . m i l k / 
soil we propose 0 ,07 . 
f). Discuss ion 
«f/ 90 
I r respec t ive / the way in which the passage of the Sr from soil to 
plant is expres sed , the r e su l t s a r e always m o r e or l e s s va r i ab l e , a 
fact which o n l y in pa r t can be explained from the chemical p roper t i e s 
of the subs t r a t e , i . e . the so i l . The impres s ion is thus that apa r t from these 
r a t h e r invar iable c h a r a c t e r i s t i c s of the soi l , c i rcumstan t i a l influences 
play a ro le which may in pa r t mask the effects of the soil type under 
considera t ion (see IV). 
A r egu l a r difference which should be pointed out h e r e concerns the 
behaviour of ca lca reous and noncalcareous so i l s . Even the Observed 
Ratio , which according to exper iments in the l abora tory r e p r e s e n t s 
a r a t h e r cha rac t e r i s t i c va lue , is on the whole two t imes higher in 
ca lca reous than in noncalcareous s o i l s . The phenomenon suggests 
a re la t ive ly g rea t availabil i ty of Sr in r e g a r d to Ca in ca lcareous 
so i l s , but i ts explanation does not l ie ready to hand. It could be looked for 
in a . reduct ion of the soil volume access ib le to plant r o o t s , e i ther 
by bad s t r u c t u r e , or the p resence of l u m p s of CaCO , the idea being 
that Sr is for an impor tant par t concentrated on the surface of the soil 
aggrega tes whereas Ca is m o r e evenly dis t r ibuted in the soi l . The 
absence of a pe rmeab le sub-soil may fu r the rmore give r i s e to an 
i nc reased S r / C a r a t i o . Both conditions may p resen t themselves in 
soi ls of the rendzine type, si tuated on l ime s tone . 
A s imi l a r phenomenon may in the case of non ca lcareous soils be 
respons ib le for var iab le r e s u l t s , according to the s t ruc tu re of the 
soil and the possible occurence of gravel or lumps of soil ; it may 
a lso offer an explanation for a possible d i sagreement with factors of 
t r ans fe r de te rmined in l abora tory t r i a l s . 
The difference stated above between ca lca reous and non ca lcareous 
soils should be also accounted for when establ ishing soil f ac to r s , 
for the purposes of su rvey . Thus table 5 p resen t s an exemple of the 
poss ible var ia t ion of p , in ca lcareous soils under influence of a reduced 
soil vo lume . 
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In the ca se of acid and neu t ra l soi ls including soils containing some 
percen t s of ca lc ium carbonate the average O .R . for all c rops is 0, 6, 
excepting leafy vege tab les . F r o m this a soil factor can be der ived by 
taking into account the thickness of the a rab le layer and the exchangeable 
Ca content. Table 6 thus p re sen t s an es t ima te of ρ for a rab le c rops (including 
leys ) , by taking the plow depth at 20 cm, the weight of the a rab le l ayer 
at 300. 000. 000 kg and ca lc ium contents of the soil varying between 0, 5 
and 5 to 6 g /kg. 
Values of ρ -mi lk have also been calculated , but only concerning the 
case of cat t le grazing on pe rmanen t g ra s s l and . 
RESULTS CONCERNING CESIUM - 137 
a) . Cor rec t ions for d i rec t contamination 
The calculat ion of the co r rec t ions in the case of ces ium-137 se ts 
g r ea t e r p roblems than for s t ron t ium-90 in view of the fact that the 
d i rec t contamination may by far s u r p a s s the contamination by the soi l , 
the information on factors of t r ans fe r being a l s o s c a r c e . 
A ce r ta in contribution of d i r ec t contamination originat ing from other 
plant a rgans by dislocation in the plant is a lso poss ible , but had to 
be d i s r ega rded in the p re sen t invest igat ion. 
Wheat : The case of c e r e a l s is especia l ly p r e c a r i ous since d i rec t 
contaminat ion may roughly account for 80 ° / 0 of the total 
137 
Cs-ac t iv i ty (case of 1966 and 1967). Plaus ible r e su l t s were 
obtained by applying a r a t e factor of 115 pCi per kg of wheat 
for a deposit of 1 m C i / k m /month , monthly average of 2 months 
preceding h a r v e s t . 
Rye : The same t r ea tmen t as in the case of wheat 
Maize and oats : No cor rec t ions 
Pota toes : No cor rec t ions 
G r a s s : The co r rec t ions were based on a value of ρ =288 pCi /kg 
dry ma t t e r per m C i / k m /mon th . 
Lucerne : About one thi rd of the contamination is due to d i rec t contamination 
but application of co r rec t ions is empeded by seasonal effects 
(see III d). 
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Milk : Cor rec t ions have been applied in the case of g r a s s , lucerne 
and the mix tures of g r a s s and luce rne , but were not 
possible in the case of ra t ions of m o r e complicated 
composit ion. In the l a t t e r case the contribution of d i rec t 
contamination is es t imated at 50 ° / 0 , which should be 
taken into account when judging the r e su l t s of this way of 
a l imentat ion. 
b). Expres s ion of r e su l t s . 
In the case of ces ium - 137 an express ion of the type of Observed 
Ratio s eems to be of l i t t le value (See pa r . Ill g discussion) and the 
express ion mos t indicated appears to be the soil factor , e i ther 
pCi /kg of dry ma t t e r or pCi /g K in the product 
2 2 
m C i / k m m C i / k m 
In the following a s u m m a r y will be given for each proauct of the 
es t imated values of ρ , their range and average , as also the range 
of averages per country. 
137 There after it will be examined in how far the soil factor for Cs 
is co r r e l a t ed with cer ta in p roper t i e s of the soi l , namely with its 
contents of clay, of organic ma t t e r and of po tass ium. 
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F o r c e r e a l s an average soil factor of 0,2 appears to be acceptable ; 
it compare s well with the e s t ima te of BRUCE (2) for wheat floor, 
ρ = 0, 068; which for total gra ins would co r respond to ρ about 0, 17 
The higher value of rye is ce r ta in ly of significance in re la t ion to the type 
of soil genera l ly used for i ts cult ivation. 
The average ρ of potatoes is not v e r y different from that of c a r r o t s (0,4) 
and that of sugar beet (0, 3); in the case of fodderbeet a higher value has been 
found (1 ,2) , which might be re la ted to differences in depth of rooting 
and the fact that the fodder-beet root is in p a r t exposed to d i r ec t conta­
minat ion. 
137 In the case of Cs green vegetables appear to be l e s s contaminated 
by the soil than g r a s s and luce rne . Jus t the r e v e r s e has been found for 
the contamination by Sr . 
d) . Seasonal effects . 
An examination of the dependence of the t r ans fe r on the soil type 
is not well possible without a p r e l im ina ry ver i f icat ion of the 
influence on the r e su l t s of the season . 
It has a l ready been r e m a r k e d that g rea t fluctuations of contamination 
occur in samples of lucerne and g r a s s , taken in the course of the 
season, always on the same field, and which cannot be a t t r ibuted to 
the var ia t ion in fallout. 
The genera l t rend of the phenomenon, as shown by figure 5 for the 
Sr activity of luce rne is for an init ial ly high act ivi ty in spr ing , 
a v e r y substant ia l decline in s u m m e r and a tendency to i n c r e a s e 
again in autumn. For g r a s s the tendencies a r e the s a m e , but, s o m e ­
what l e s s c l e a r . 
The drop of the activi ty in s u m m e r has also been noted by SQUIRE 
and MIDDLETON (3) and SQUIRE (4) in the case of g rass l and , where 
the S r / C a ra t io was always high in the beginning of the season and 
showed a considerable drop in the months of June and July : 
It has a lso been found that in a dry year the contamination of g r a s s 
is inferior to that in a year with abundant rainfal l (5). 
According to SQUIRE the drop in activity in s u m m e r can be 
explained by the fact that under dry conditions of the soil the g r a s s 
is rooting in deeper and l e s s contaminated l a y e r s . 
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This explanation s e e m s , however , to be l e s s sa t is factory in the case 
of l uce rne . Especia l ly in the case of I 3 7 c s we would r a the r think of 
a difference in availabil i ty of the deposit in dependence of the water 
content of the soi l . Other factors may in te r fe re such as differences 
in speed of growing, or a gradual exhaustion of the available potass ium 
in the soil in the course of the season. 
The s ize of the effect can obviously be var iab le according to local 
condit ions; but for genera l use it might be reckoned on differences 
in the o rde r of 3 : 1 in spr ing and s u m m e r . 
137 e) . Relat ions between ρ - C s and type of soil . 
As individual r e su l t s show too g rea t a d i spers ion to be t rea ted 
graphical ly the tendencies have been studied by dividing the available 
points into c l a s s e s of increas ing values of e i ther exchange capacity, 
clay content, organic ma t t e r content or potass ium content. 
It appearsthen that in those cases where a c lea r t rend of values is 
d i sce rnab le (see tables 8 up to 11 inclusive) this t rend mainly 
concerns the upper l imi ts of the range and the average values for 
a given c l a s s . The lower l imi ts general ly do not show a substantial 
var ia t ion ; . 
e l ) . Exchange capacity and /o r clay content. 
Potatoes showed a cor re la t ion of ρ which was mos t pronounced for 
the German samples - (table 8) 
137 When express ing the soil factor in pCi C s / g Κ the r eg re s s ion 
mCi 1 3 7 C s / k m 2 is a lso c l ea r , even if el iminating seve ra l samples of ve ry low and 
non measu rab l e activity from the c lass with high clay contents . 
(Table 9). 
Also in the case of wheat p , shows a tendency to dec rea se with 
d 
inc reas ing values of the exchange capacity or of the clay content 
(Table 10) 
— 20 
No c lea r t rend of ρ as a function of the clay content could be 
demons t ra ted in the ca se of g r a s s , which may be a t t r ibutable to 
different c i r cums tances : 
- different stage of development of the samples 
- overlapping of tendencies by seasonal effet 
- different conditions of water economy in the soils con cerned . 
It should also be cons idered that owing to the reduced th ickness of the 
ma t hor izon i ts water content is m o r e subject to fluctuations than in the 
a rab le l a y e r . 
e2). Po ta s s ium content 
In the case of wheat and potatoes no effect of po tass ium on ρ has been 
d i sce rnab le . 
Only in the case of g r a s s is the re a ce r t a in evolut ion of ρ with the 
po tass ium content of the soil (Table 11). 
e 3). Organic m a t t e r 
In no case has it been possible to es tab l i sh a re la t ion between p¿ and the 
organic ma t t e r content of the soi l . In view of the r e s t r i c t e d number of 
samples available this r e su l t is cer ta in ly not conclus ive . 
137 f). Trans fe r of Cs from foddercrops to mi lk and from soil to milk 
Resul t s have been summar i zed in table 12, in which the factors of 
t r ans fe r have been p resen ted in two ways , namely a s , 
137 f, pCi C s / l i t r e or kg (milk, fodder) 
137 pCi Cs /kg (fodder, soil , 
137 and as O .R . _ pCi C s / g Κ (milk or fodder) 
137 pCi C s / g Κ (fodder or soil) 
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The passage from soil to milk is considered as a straight t r ans fe r 
(Table 12). 
90 The d i spers ion of r e su l t s is much g rea t e r than in the case of S r , 
but depending on the way of express ion , O .R . being l e s s var iab le 
for the t r ans fe r from fodder to milk and f for the t rans fe r .either from 
soil to fodder or from soil to milk. 
As an average d iscr iminat ion factor p C i / l milk one could 
pCi/kg soil 
adopt f = 0, 05 (cases of g rass l and , lucerne and rations),, but when 
taking into account the differences in the t h i ckness of the ma t horizon 
and of the a rab le layer it leads to different values of ρ , namely for g r a s s 
ρ £ 0, 34 and for lucerne 0, 13. 
g). Discuss ion 
137 The case of Cs p resen t s i tself in a m o r e complicated way than that 
of Sr for two different r easons : 
- whereas s t ront ium in soils r ema ins la rgely available ces ium is 
fixed for the g rea te r par t , the fraction of the deposit which is available 
for absorpt ion by plants being at mos t some pe rcen t s . As such it is var iab le in 
dependence of the type of soil , according to i ts contents of clay, organic 
ma t t e r and of po tass ium, 
- even for the absorpt ion from cul ture solutions an express ion of the 
1 λ7 / 
type of the observed ra t io - " C s / K - plant p resen t s no 
137 
advantages as a factor of t r ans fe r , since it "var ies with the Κ 
concentrat ion of the solution. It can, however, be used to define an 
upper l imi t of contamination, as in the presence of sufficient potass ium 
its value is v e r y near to unity, whereas in the case of a shor tness of 
po tass ium this e lement is absorbed preferent ia l ly . 
The main objection for i ts use for p rac t ica l purpose i s , meanwhile , 
that it cannot be based on the total Cs content of the soil , unless in 
combination with a factor for its availabil i ty. 
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An additional investigation having as an objective to r e l a t e the 
absorbable Cs to the c h a r a c t e r i s t i c s of the soil will be r epor t ed 
on shor t ly , r eason for which we will not enter h e r e into a 
d iscuss ion on the var iabi l i ty of the soil factor in dependence on the 
type of so i l . 
It is a t any r a t e impor tan t to r e m a r k that in view of the subordinate 
ro le of the ind i rec t contaminat ion an exact de te rmina t ion of factors 
of t r ans fe r from soil to plant would s e e m of secondary impor t ance , 
provided that no c r i t i ca l conditions for the contamination by way 
of the soil p r e sen t t h e m s e l v e s . 
F r o m the l i t e r a t u r e four factors a r e known which together may 
de te rmine a c r i t i ca l condition : 
1. A low content of clay (sandy soils) 
2 . An apprec iable content of organic m a t t e r (humic sandy so i l s , peaty 
so i l s ) , 
3 . A deficiency of po tass ium, 
4 . An ample supply of wate r , possibly de te rmined by the c l imate , the 
season or a high water level in the so i l . 
In l abora to ry exper iments the effect of the organic m a t t e r has been 
well es tabl ished and if in the p r e sen t invest igat ion no influence on the 
t r ans fe r has been found probably not a l l conditions for i ts coming into 
exis tence had been fulfilled. In this connection it should be thought in 
pa r t i cu la r of combined effects of organic ma t t e r and of water in the soil , to the 
effect that a sufficiently wet condition of the soil may be a condition for 
the organic ma t t e r to exer t i ts influence . 
For the contamination of the food chain the o rde r of the different 
products is of i n t e re s t . F r o m table 13/can be seen that according to 
approximate average values of ρ the green vegetables (legumes) and 
apples belong to the heavies t contaminated products , but if express ing 
the t rans fe r per g potass ium per unity deposit i m C i / k m ) 
c e r e a l s , milk and apples br ing in m o r e Cs . For a final 
judgment of r i sks the composit ion of the da i ly ra t ions should of course be 
taken into account. 
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IV. INTERPRETATION OF RESULTS IN REGARD TO DEFINING CRITICAL 
LEVELS 
The p resen t investigation has been c a r r i e d out with the a im to de te rmine under 
p rac t i ca l conditions factors of t ransfer and to use them in the same t ime for 
the es tabl ishment of c r i t i ca l l eve ls . 
As in all cases the de terminat ions were based on single observa t ions , 
c i r cums tan t i a l conditions have had ra the r grea t influence on the r e s u l t s , 
which could not always be accounted for and have somet imes masked the 
effects of the type of soil . 
Obviously predict ions of levels of contamination of crops can only be appro -
ximat ive as there a re a number of factors which cannot be control led. Thus 
it mus t be admitted that cl imatic and seasonal effects may cause factors of 
t r ans fe r to va ry by a factor of 3, that mere ly by different plow depth v a r i a -
tions from 1 : 2 in p¿ a r e possible , that fu r thermore differences in t i l lage 
and in fert i l izat ion or in ground water level and the nature of the subsoil a r e 
all of influence, influence in itself var iab le from year to yea r . 
Though factors of t ransfe r can best be defined on the basis of average condi-
t ions , an ample marge of secur i ty should be observed for the definition of 
c r i t i ca l levels (maximum pe rmiss ib l e levels) for the deposit in the soil , so 
as to cope with the most unfavorable conditions. 
90 In the case of Sr pr incipal ly the light sandy soils (mostly acid and of low 
adsorpt ive capacity) can be considered to p resen t c r i t i ca l conditions for the 
contamination; as far as ca lcareous soils a re also apt to become cr i t i ca l this 
in a sense will depend more on c i rcumstanc ia l conditions than on the very 
soil c h a r a c t e r i s t i c s . 
In adopting the values of tables 5 and 6 for the es tabl ishment of c r i t i ca l levels 
for regional use , it would seem appropr ia te to apply a factor of secur i ty of 2 
if soils of good cul tura l conditions a r e concerned. For soils where the condi-
tions a r e l e s s favourable (bad s t ruc tu re , shallow plow layer , impermeable 
under-ground, p resence of gravel , high water level , a. o. ) the factor should be 
chosen higher , at l eas t 5. 
In the case of 137cs additional information is wanted more in par t icu lar 
regard ing the influence of soil humidity on the availabili ty of the 137cs . 
Investigations into this question a r e also in p r o g r e s s . 
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LIST OF CAPTIONS 
Fig. 1 Map showing the geogEphåcal r epa r t i t i on in the European Economic 
community of sampling s i tes for the study of the radioact ive 
contamination of ag r i cu l tu ra l products by way of the soi l . 
1 ; UDINE 
2 . ST ANGELO 
3 . CNEN C AS AC CIA 
4 . CALTAGIRONE 
5. ISPRA 
6. HAMELN 
7. HUETSCHENHAUSEN 
8. OBERSUELZEN 
9. WORMS 
10. KREIS ERDING 
11 . SPEYER 
1 2 . S E N E S S E M A R E M M E 
13. B A R B E N T A N E 
14. CEN MOL 
90 F ig . 2 Relat ion between the soil factor for g r a s s ( Sr) and the exchangeable 
ca lc ium content of the soi l , acid and neu t r a l s o i l s . 
Relat ion between the soil factor for gree: 
exchangeable ca lc ium content of the soi l . 
Re la t ion between the soil factor for gra 
carbonate content of ca lca reous so i l s . 
90 Fig . 3 n maize ( Sr) and the 
90 Fig . 4 s s ( Sr) and the ca lc ium 
90 Fig . 5 Seasonal effects on contamination of luce rne by Sr 
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Fig. 3 Relation between the soil factor for green maize ( Sr) and the 
exchangeable calcium content of the soil. 
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Fig. 2 Relation between the soil factor for grass (9 0 Sr) and the exchangeable calcium content of the soil, acid and neutral soils. 
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TABLE 1 
Country or Station 
ITALY 1966 
ITALY 1967 
ISPRA 1967 
F R A N c E 1967 
GERMANY 1967 
MOL 1967 
Organ i sm in charge 
of the sampling 
Ist i tuto d'Igiene 
PAVIA 
Prof. CHECCACCI 
Prof, LANZÓLA 
Ist i tuto d'Igiene 
PAVIA 
Serviz io d i biologia 
E u r a t o m Es tab l i shment 
D r . BOURDE AU -ISPRA 
Syndicat pour l ' a m é l i o -
ra t ion des sols 
GARGENVILLE 
D r . REDLICH 
Landwir ts chaftliche 
Versuchs - und 
Forschungsans ta l t 
SPEYER - Prof .S IEGEL 
Dpt de Radiobiologie CEN-MOL 
D r . KIRCHMANN 
Organ i sm in charge 
of the analyses 
Ist i tuto d'Igiene 
PAVIA 
Isti tuto d'Igiene 
PAVIA 
Serviz io di f is ica 
Sani ta r ia 
E u r a t o m es tab l i shemant 
ISPRA -
Prof. MALVICINI 
IRAMIR à Marse i l l e 
Prof. ROUX 
S . A . S . GARGENVILLE 
Idem SPEYER 
Dpt Mesures et Controles 
des Radiat ions CEN-MOL 
D r . BOULANGER 
00 
TABLE 2 
Range of value of the average cumulative deposit per station as determined in the present 
investigation. 
Italy (1966) 
without ISPRA 
and CALTAGIRONE 
Italy (1967) idem 
Caltagirone 
I sp ra 
German Fede ra l 
Republic 
F r ance 
Mol (Belgium) 
9 0 S r 
55 - 102 
43 - 62 
17 
139 
35 - 83 
45 - 60 
46 
mCi p e r k m 
1 3 7 C s 
113 - 180 
87 - 104 
37 
225 
60 - 141 
56 - 125 
97 
ro 
CD 
TABLE 3 
90. Summary of r e su l t s on Sr (Observed Ratios) for the European Community as a whole and 
of averages per country. 
Product Number of 
samples 
I 1 
! 
CEREALS 
Wheat 27 
Rye 5 
Bar ley 7 
Oats 6 
Maize 14 
FODDER CROPS 
Herbage 47 
Lucerne 93 
Green 
Maize 
LEGUMES 
Lettuce 8 
Cabbage 8 
FRUITS 
Tomatoes 5 
Apples 5 
TUBER AND ROOT CÏ 
Potatoes 22 
C a r r o t s 3 
F o d d e r - 3 
beet 
oe-iF 6 
range of 
single 
average 
of al l 
values values I 
0 , 0 - 3 , 1 5 * 0,56 
0 2 9 - 1 , 3 3 
0 , 0 - 0 , 7 6 
0 , 0 - 0 , 5 4 
0 , 0 1 - 1 , 8 ' 
0 , 0 - 2 , 15 
0, 0 2 - 1 , 3«> 
0, 13-2,89 
0, 18-2 ,86 
0 ,02 -5 ,84 
0 , 0 9 - 1 , 4 6 
0 ,07 -0 ,72 
0,76 
0,56 
0,28 
0,46 
0, 54 
0,46 
0,86 
1,17 
1,5 
1 
1 
0,53 
! 0, 37 
tO PS ! 
0 , 0 - 2 , 6 8 ! 0,69 
0 ,02-0 ,571 0 ,23 
■ 
0 , 0 6 - 0 , 4 3 | 0,19 
0, 16-0,72 0,44 
range of 
averages per 
country or 
stat ion 
0 , 0 - 1 , 02 
0 ,57 -0 ,81 
-
0 , 2 3 - 0 , 4 4 
0 ,01 -0 ,54 
0, 15-0,72 
0 ,02 -0 ,64 
0 ,13 -2 ,89 
0, 14-0,72 
mean values 
per country 
or stat ion 
II 
0,37 
0,72 
-
0,33 
0,37 
0,45 
0,38 
1,06 
0,46 
values based 
on data from 
the l i t t e r a tu r e 
0 , 4 
0,7 à 0,8 
0,7 à 0,8 
0 , 4 
III 
co o 
* An ex t remevalue (ISPRA 7,7 ) has been d i sca rded from the average 
TABLE 4 
90, 
T rans fe r of Sr from fodder to milk , from soil to fodder and from 
soil to milk, exp re s sed as Observed Ra t ios . 
Alimentat ion . 
Gra s s 
Lucerne 
L u c e r n e / 
Gra s s 
Rations 
-
Number of 
observa t ions 
16 
* 
4 
* 
4 
jfc 
15 
* 
pCi S r / g C a - m i l k 
°pCi/g Ca-fodder 
0,21 + 0, 15 
71 % 
0, 13 + 0,07 
53 ° /° 
0,30 + 0,21 
70 V o 
0 , f6 + 0,09 
58 V o 
pCi /gCa-fodder 
°pCi / g C a - so i l 
0,35 + 0, 17 
49 % 
0,61 + 0,25 
41 % 
0,75 + 0,46 
61 V o 
0,61 + 0,30 
49 Vo 
pCi /β Ca-mi lk 
°pCi /g Ca - so i l 
0,060 + O,041 
68 V o 
0,069 + 0,024 
35 V o 
0,164 + 0,035 
21 Vo 
0,081 + 0,048 
59 % 
CO 
Factors of var ia t ion 
TABLE 5 
90 Approximation oí ρ - Sr in ca lca reous so i l s , based on the content of CaCO and the d 3 
exchange capacity of the soi l , if O.R. = 1 and the thickness of the a rab le layer = 15 cm. 
Vo CaC0 3 
10 
20 
30 
40 
50 
Neutra l non ca lca reous 
0 
EXCHANGE CAPACITY 
10 
2 , 4 
2 , 6 
2 , 8 
3 , 0 
3 , 3 
soil : O .R . = 1 ; a rab le 
1,65 
m . e. / 100 g 
20 
l ayer 
1,2 
1,3 
1,4 
1,5 
1,7 
of 20 cm 
0 , 8 
30 
0 , 8 
0,85 
0 , 9 
1,0 
1,1 
0,55 
CO 
to 
Estimate of ρ 90 
TABLE 6 
Sr for acid , neutral and slighty calcareous soils, on average for agricultural 
produce and milk in dependence on the exchangeable Ca of the soil. 
Agri , products 
milk 
Sandy soils 
Content of exchangeable 
O.Sg/kg l g / k g 
lowest on average 
value 
4 2 
1 0,6 
Loamy and 
Ca of the soil 
2, 5 g/kg 
on average 
0 ,8 
0,25 
clavey soils 
5 to 6 g/kg 
highest 
value 
0,4 
0,1 
CO 
CO 
TABLE 7 
137 Summary of results on C s for the C. E. E. as a whole and of averages per country. 
Product 
Wheat 
Rye 
Maize 
Pota toes 
G r a s s 
Lucerne 
Lettuce 
Cabbage 
Tomatoes 
Apple s 
Number 
of 
samples 
27 
5 
14 
22 
47 
33 
8 
8 
5 
5 
Range of 
single 
value s 
0 , 0 - 0 , 9 3 
0, 30-0 ,45 
0 , 0 - 1 , 2 4 
0 , 0 - 3 , 8 3 
0 , 0 - 1 4 , 0 
0 , 0 - 2 , 4 6 
0 , 0 - 5 , 2 3 
0 , 0 - 0 , 5 5 
0 , 0 - 1 , 8 7 
Average 
of al l 
values 
0,19 
0,39 
0,21 
0,60 
2 ,58 
0,74 
0,96 
0,22 
0,78 
Range of ave rages 
per country 
or SBtation Mean 
0 , 0 - 0 , 2 9 
0, 38-0 ,39 
0, 14-0 ,33 
0 , 0 - 1 , 4 7 
1 ,81-4,90 
1 ,3-2 ,2 
0,18 
0,39 
0,21 
0,46 
2 , 8 
2 , 0 
value to 
be adopted as 
a mean 
0 , 2 
0 , 4 
0 , 2 
0 , 5 
2 , 5 
2 , 0 
CO 
TABLE 8 
1 VI Dependence on the exchange capaci ty and the clay content of the soil factor for Cs of 
pota toes . 
I. 4-7 m . e q . / l O O g 
Exchange capaci ty 
EI. 10-30 
Clay content 
0-7 % 
o / 11-19 V 
Number of samples Range 
0 , 2 1 - 1 , 5 8 
0 ,37 -0 ,85 
Average 
1,00 
0,50 CO αϊ 
TABLE 9 
Dependence on clay content of the soil factor for potatoes exp res sed as pCi 137-Cs /g Κ , 
mCi 137-Cs /g Km' 
Clay content German soi ls 
Number Range Average 
All soils with m e a s u r a b l e activi ty 
Number Range Average 
CO 
CD 
I. 0 - 7 V« 0 , 0 3 0 - 0 , 1 2 5 0 , 0 7 8 0 , 0 0 5 - 0 , 1 2 5 0 , 0 5 0 
I I . 11 -20 °/e 0 , 0 1 7 - 0 , 0 4 4 0 , 0 2 6 0 , 0 1 7 - 0 , 0 4 4 0 , 0 2 6 
TABLE 10 
Dependence on exchange capaci ty and clay content of the soil factor for 1 3 7 C s of wheat. 
Exchange 
capaci ty 
m . e . /lOOg 
I 
II 
in 
[V 
4 - 9 
10 - 14 
15-19 
20-30 
Number 
of 
Samples 
8 
4 
4 
6 
Range 
0 , 0 - 0 , 9 3 
0 ,03 -0 ,26 
0 ,0 -0 , 33 
0 , 0 - 0 , 0 6 
Pd 
Average 
0,34 
0, 15 
0, 10 
0 ; 01 
Clay 
content 
0 - 9 % 
1 0 - 1 9 % 
2 0 - 4 0 % 
Number 
of 
samples 
5 
12 
5 
Range 
0 , 0 - 0 , 9 3 
0 , 0 - 0 , 8 1 
0 , 0 - 0 , 0 6 
Pd 
Average 
0,29 
0,19 
0,01 
CO 
TABLE 11 
Dependence on the K content of the soil of the soil factor of g r a s s , expressed e i ther in pCi /kg 
2 ? 
per m C i / k m or in pCi/gK per m C i / k m 
K content of 
soil m g / l 0 0 g 
I 25-100 
II 101-200 
III 201-400 
IV 401-700 
Number of samples 
20 
8 
14 
5 
Range 
0, 0-14,2 
0 , 0 - 4 , 7 6 
0 , 0 - 3 , 6 2 
0 ,52 -2 ,98 
Pd 
Average 
2 , 7 
1,9 
2 , 4 
2 , 0 
p C i / g K , 2 
mCi / k m 
Range Average 
0 , 0 - 0 , 4 2 
0 ,03 -0 ,28 
0 , 0 - 0 , 16 
0 ,02 -0 , 12 
0,21 
0,09 
0,09 
0,07 
CO 
00 
TABLE 12 
137 Transfer of Cs from fodder to milk.from soil to fodder and from soil to milk. 
Alimentat ion 
G r a s s 
Lucerne 
■ 
G r a s s / L u c . 
Rations 
Number 
of 
Samples 
14/12 
4 
4 
11/12 
137 pCi Cs / l o r kg a . 
pCi l 3 7 C s / kg 
mi lk / fodder 
0 ,03 - 4 , 3 
average 
0, 11 
0,034 - 0,680 
0,36 
0,06 - 0,28 
0, 18 
0,024 - 0,540 
0, 16 
, fodder / so i l 
0,037 - 1,025 
0,34 / 0,36 
0,03 - 1,24 
0,77 
0,45 - 0,89 
0,61 
0,21 - 2 ,15 
0,63 
m i l k / s o i l 
0,002 - 0,920 
0 , f24 / 0,049 
0,020 - 0,056 
0,042 
0,055 - 0, 146 
0,098 
0,014 - 0, 125 
0,068 
CO 
CD 
T A B L E 12 (coijfcinued) 
Alimentation 
Grass 
Lucerne 
Gras s / lue . 
Rations 
Number 
of 
Samples 
14/12 
4 
4 
11/12 
b . 
milk/fodder 
0,51 - 9,6 
2, 35 /1 ; 81 
0,70 - 1,23 
1,13 
0,23 - 3,40 
1,28 
0,52 - 3,26 
1,49 
pCi 1 3 7 C s /g κ 
137 pCi Cs / g K 
fodder/s oil 
0,0009-0,0187 
/O,0019 
0,0001-0,0153 
0,0063 
0,010 - 0,141 
0,050 
0,0005 - 0,0320" 
0,0092 
milk/soil 
0,001 - 0, 158 
0,016/0,004 
0,0002 - 0,005 
0,0065 
0,0003 - 0,053 
0,026 
0,0010 - 0,06 
0,0184 
o 
TABLE 13 
137 Orde r of contamination by Cs cf different food stuffs according to average values of p , or of 
ρ , /Κ content in g ρ er kg 
Order 
1. 
2 . 
2 . 
3. 
3. 
4 . 
5. 
6. 
7. 
Products 
Milk 
Wheat 
Maize 
C a r r o t s 
Tomatoes 
Potatoes 
Lettuce 
Apples 
Cabbage 
Approximate 
average 
value of ρ d 
0, 04-0, 10 
0 ,2 
0 ,2 
0 , 4 
0 , 4 
0 , 5 
0 ,7 
0, 8 
1,0 
Average content of 
po tass ium ° / 0 on 
dry ma t t e r 
1.5 g / î 
0,45 
0 , 4 
2 - 3 
4 
2 - 3 
4 - 6 
0 , 7 
4 - 5 
P d / gK per kg 
■■ ■ -■ — ■ — 1 
0 , 0 3 - 0 , 0 7 
0 , 0 4 
0 , 0 5 
0 , 0 2 
0, 01 
0, 02 
0, 01 
0, 12 
0, 02 
— 42 
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